Alveolar macrophages freshly harvested from normal and immunized rabbits were parasitized with yeast cells and protoplasts of Histoplasma capsulatum. Macrophages obtained from either normal or sensitized rabbits failed to phagocytize protoplasts, whereas the yeast cells were actively ingested. There was no detectable intracellular killing by macrophages. A serological similarity was found between the whole yeast cell, the purified isolated cell wall, and the protoplasts of the fungus. A precipitin test of the protoplasts of the fungus gave a positive band, whereas immunodiffusion in agar was negative. Addition of immune sera activated phagocytosis, the immune sera against cell walls being the most active.
Antigens from the dimorphic fungus Histoplasma capsulatum have been studied extensively by different investigators (3, 5, 9, 16, 18) ; however, in the majority of reports the authors used the mycelial and the yeast phases of the fungus. Consequently, there is very little information concerning the fate of the protoplasts of the fungus within the phagocyte and its immunogenic properties (17) . Evidence exists concerning the necessity of promoting factors (c' or other heat-labile substances) for phagocytosis of the yeast phase of H. capsulatum by normal and immune mouse peritoneal macrophages (15, 19) .
In previous reports the antibody did not seem to play a significant role in enhancing phagocytic or digestive rates of peritoneal phagocytes from either normal or immune mice. However, the results obtained in this report are different. The present work was carried out to demonstrate: (i) where in the yeast cell of H. capsulatum each antigen is located, since the whole cell has proven useful and active as an antigen; (ii) the role of the immune sera in phagocytosis; and (iii) the fate of the protoplasts of H. capsulatum as well as the yeast cell of the fungus within the alveolar macrophages of rabbits. Special attention was paid to the mode of phagocytosis and immunogenic properties of the protoplasts of the fungus, since electron microscopy of this preparation did not reveal the presence of protoplasts as a whole or traces of residual cytoplasm inside the macrophage.
MATERIALS AND METHODS
Fungus. H. capsulatum strain SWB was grown in the following liquid culture media: (i) brain-heart infusion (BBL, Cockeysville, Md.) (37 g/1,000 ml of distilled water); or (ii) modified Sabouraud broth (BBL, Cockeysville, Md.) (30 g/1,000 ml of distilled water) on a reciprocal shaker for 18 h.
Preparation of protoplasts. Protoplasts were obtained by the method of Berliner and Reca (1, 2) and were separated from the yeast by centrifugation at 3,000 rpm for 30 min. The supernatant was recentrifuged at 3,000 rpm for 1 h.
Animals. Rabbits of either sex weighing from 2 to 3 kg were used.
Sensitization. The rabbits were sensitized intravenously and via footpads with a single injection of 100 gg of heat-killed, lyophilized whole yeast cell, isolated cell wall, and protoplasts, and finally with alkalinesoluble and -insoluble fractions of isolated cell wall of H. capsulatum strain SWB. All these fractions were suspended in 0.1 ml of Freund incomplete adjuvant. The same number of animals was maintained under the same conditions as control animals (6) .
Macrophage culture. Animals were sacrificed 21 days after sensitization. The alveolar cells were procured by flushing the lungs of rabbits by the technique of Myrvik et al. (14) . Studies of the viability of the cell population were done by the trypan blue exclusion technique (13 (11) was determined. The cell walls were washed, dialyzed against several changes of water, and lyophilized. Alkaline-soluble and -insoluble fractions of cell wall were obtained according to a published schedule (10) .
Adsorption of sera. Immune sera against the different fractions of the fungus were adsorbed by 100 jig of the corresponding lyophilized materials. They were mixed with the sera and incubated at 37 C overnight. The mixture was centrifuged and the supernatant, which was the adsorbed sera, was used in the experiments.
Immunodiffusion test. The test was carried out in 2-mm layers of 0.7% agarose made up in merthiolateBarbitol buffer. One central well and eight outer wells were cut. Diluted antigen was used in the outer wells and undiluted serum was used in the inner well, or vice versa. The antigens used from 5 to 25 mg/ml in 0.01 M phosphate buffer, pH 7.6, with 37% CINa, and the first dilutions to be tested were 1:2, 1:4, 1:8, etc., incubated at room temperature for 24 h and placed in the refrigerator at 4 C for 48 h.
Precipitin test. A ring test was performed where the antigen overlayed the immune sera against protoplasts, the whole yeast cell, and the isolated cell wall. Diluted histoplasmin (1:100), supplied by the Center for Disease Control, Atlanta, Ga., and other fractions of H. capsulatum were used as antigens.
RESULTS
In an attempt to observe the phagocytosis of H. capsulatum by alveolar macrophages, a microscopic observation of these materials was carried out. Macrophages obtained from either normal or rabbits sensitized against killed protoplasts or yeast cells of H. capsulatum strain SWB failed to phagocytose protoplasts. However, the same phagocytes ingested yeast cells of the fungus even in the absence of immune sera in the first 15 min of contact (Fig. 1) . The protoplasts did not persist in the culture medium once they came in contact with the macrophages; almost 95% were destroyed within the first 30 min. However, in the control medium there was no destruction observed during the incubation period (3 h). In the experiments in which macrophages sensitized against the isolated cell wall were used, the highest rate of phagocytosis was achieved. Ap (Fig. 2) or immunized phagocytes (Fig. 3) 59 .6% by using the immune serum against these two fractions of H. capsulatum. However, when the immune serum against the purified isolated cell wall was used, the phagocytic activity increased notably (69.8%) (Fig. 3) . The specific antibody was detected in the immune serum against the whole cell as well as the protoplasts, which was demonstrated as a ring-form precipitate in the classical precipitin test, whereas the immune sera against protoplasts failed to show any precipitation band in immunodiffusion in agar ( Table 3) .
The adsorbed sera (obtained from immune sera against any fractions of the fungus) behaved as normal sera and showed almost the same rate of phagocytosis in both normal and immune cells (Fig. 2 and 3 A working hypothesis to explain this phenomenon was that the macrophages apparently release a substance into the medium that is toxic to the protoplasts. Evidence was gained from the fact that the protoplasts could survive for at least 2 h in the control medium. By changing once more the macrophage culture medium and incubating the protoplasts with macrophage, the destruction of protoplasts occurred in the first 15 min of contact. We once observed two destroyed protoplasts within the macrophages from the sample that was taken immediately after incubation for 15 min, but we are not completely sure that the cell wall was indeed absent (Fig. 4) . The yeast cells were phagocytosed by cells from normal and immune animals ( Fig. 5-8 
